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Transient near-fields around metallic nanotips drive many applications, including the generation
of ultrafast electron pulses and their use in electron microscopy. We have investigated the electron
emission from a gold nanotip driven by mid-infrared few-cycle laser pulses. We identify a low-
energy peak in the kinetic energy spectrum and study its shift to higher energies with increasing
laser intensities from 1.7 to 3.7 · 1011W/cm2. The experimental observation of the upshift of the
low-energy peak is compared to a simple model and numerical simulations, which show that the
decay of the near-field on a nanometer scale results in non-adiabatic transfer of the ponderomotive
potential to the kinetic energy of emitted electrons and in turn to a shift of the peak. We derive
an analytic expression for the non-adiabatic ponderomotive shift, which, after the previously found
quenching of the quiver motion, completes the understanding of the role of inhomogeneous fields in
strong-field photoemission from nanostructures.
PACS numbers: 79.60.Jv, 79.20.Ws, 42.50.Hz, 41.75.Jv, 07.77.Ka
INTRODUCTION
The evanescent electromagnetic near-fields around
nanostructures lead to field enhancement and confine-
ment down to a few nanometers, well below the wave-
length of the exciting optical light [1]. Exploring and ex-
ploiting these effects has led to the development of nano-
optics, including plasmonic nanofocusing [2, 3], ultrafast
multi-dimensional nanoscopy [4], the generation of ex-
treme ultraviolet radiation with plasmonic waveguides
[5], and time-resolved spectroscopy on the nanoscale [6].
Femtosecond nanometer-sized electron sources have been
realized with metal nanotips via nonlinear photoemission
[3, 7–10], and found applications in electron microscopy
[11–14]. The sub-femtosecond control of the electron
emission in strong fields was demonstrated for nanopar-
ticles, nanotips and nanowire tips [15–26].
In strong-field photoemission an important parameter is
the ponderomotive potential Up = e
2E20/(4mω
2), the ki-
netic energy of an electron due to its quiver motion in
an oscillating field of amplitude E0 and frequency ω (e
and m are the electron’s charge and mass, respectively).
Strong-field photoemission has first been observed from
gas atoms [27], where the electron dynamics can typically
be separated into sub-cycle and drift motion [28–30]. The
sub-cycle motion occurs on the timescale of the laser cycle
after electron emission, where electrons undergo a laser-
driven quiver motion, and can rescatter with the parent
ion. Since the extend of electron motion within one opti-
cal cycle is typically much smaller than the focal spot size
of the driving laser light, the electrons experience a quasi-
homogeneous field on this time- and length-scale. On a
cycle-integrated scale, i.e. for the remainder of the laser
pulse after photoemission, electrons may experience some
field inhomogeneity as they are drifting out of the laser
focus. Here, the ponderomotive potential is adiabatically
transferred to kinetic energy of the electrons drift motion
[31]. For femtosecond laser pulses, the electromagnetic
field typically switches off before electrons have moved
out of the focus [32] and ponderomotive shifts can there-
fore be neglected.
For nanostructures, at sufficiently high intensities, pho-
toemitted electrons can experience the near-field decay of
the enhanced field already within the sub-cycle evolution
of the laser field. It has been shown that this strongly
modifies the sub-cycle dynamics leading to a quenching of
the quiver motion and suppression of electron rescatter-
ing [19]. An adiabaticity parameter δ = lf/lq has been
introduced [19], where lf is the near-field decay length
and lq = eω
2E0/m is the amplitude of the quiver motion.
However, the influence of the near-field decay on the elec-
tron drift motion has not been discussed.
We investigate strong-field photoemission from a gold
nanotip and observe a low-energy peak and its energy
up-shift with intensity. With the help of a simple model
and semi-classical Monte-Carlo trajectory simulations,
we show that sub-cycle electron dynamics and drift mo-
tion become interdependent. The relevant mechanism
for the up-shift is identified as non-adiabatic ponderomo-
tive shift, which is important for small near-field decay-
length and all pulse lengths, even few-cycle laser excita-
tion. Based on the results, we introduce an analytic ex-
2pression for the non-adiabatic ponderomotive shift. The
results complete our understanding of the effect of inho-
mogeneous near-fields in photoemission from nanostruc-
tures.
EXPERIMENTAL SETUP
FIG. 1: Experimental setup: a) NOPA-DFG-setup, which is
seeded by a multipass-CPA-Innoslab-amplifier. b) Vacuum
chamber hosting the experimental setup for the photoemis-
sion experiments along with an imaging setup used for coarse
optimization of tip position and focus size. c) Spectrum of
the laser pulses used in the experiments.
The laser system is based on non-collinear optical
parametric amplification (NOPA) and subsequent differ-
ence frequency generation (DFG) (Fig. 1 a), details will
be published elsewhere[33]). Briefly, the laser is based
on a Yb:YAG laser delivering 1.6 ps pulses centered at
1030nm operating at 100kHz. A first part is split off
and used for white light generation in a YAG crystal and
a second part is frequency doubled. The former serves
as a seed for the NOPA stage pumped by the latter. A
third part seeds the DFG stage, which is pumped by the
output of the NOPA. After compression pulses centered
at 1800nm (see spectrum in Fig. 1 c)) with 370 nJ and a
duration of 18 fs, as measured by a frequency-resolved-
optical-gating (FROG) setup, are delivered to the exper-
iment. The pulses are passively phase stable but not
actively stabilized, which leads to a slow drift of 2pi over
the course of around ten minutes, as checked by an f-to-
2f-interferometer. The acquisition time of a single spec-
trum is shorter than the CEP-drift, such that the spectra
are effectively for a small CEP range. The pulse energy is
controlled by a neutral density filter wheel, which reflects
a variable fraction of the power.
The experimental setup is shown in Fig. 1 b) and con-
sists of a vacuum chamber which is pumped by turbo-
FIG. 2: a) Experimental spectra from a gold nanotip un-
der irradiation for the indicated incident intensities. b) Low-
energy region of the above spectra, dots indicate LEP posi-
tions ELEP. c) LEP position versus incident intensity. For low
intensities an approximately linear dependence with a slope
of 15.5 Up is found (solid line).
molecular pumps to a base pressure of around 10−7mbar.
The laser is focused by an off-axis parabolic mirror (OAP,
f=15mm) to a spotsize of 2.6µm as measured by a knife
edge setup. The nanotip and gas nozzle are mounted
on an xyz-translation stage. The nanotip is electrically
grounded. The laser is linearly polarized along the tip
orientation which is parallel to the axis of the time-of-
flight spectrometer (TOF, Kaesdorf ETF10). The elec-
trons are detected on a microchannel-plate at the back
of the TOF. In our experimental configuration the spec-
trometer has an acceptance angle of 7◦. The electrons
TOF is registered by a time-to-digital converter (FAST
ComTec P7889) and subsequently converted to kinetic
energy. The nanotip is positioned using an image of the
focus by a refocusing lens. Additionally, it proved help-
ful to use the OAP itself for imaging by introducing a
beamsplitter (BS) which reflects light (external illumina-
tion, reflected laser or stray light) originating from the
focus and collimated by the OAP to an imaging stage
outside the vacuum chamber. Fine alignment is done by
maximizing the electron countrate in the spectrometer.
By removing the nanotip and driving the gas nozzle close
to the focus, ATI spectra from Xe atoms are recorded,
which serve as an intensity calibration by observing the
well defined direct electron emission cutoff. Furthermore,
by observing equally spaced photon peaks down to 1 eV,
we can conclude that our system is well calibrated even
for low-energy electrons.
3EXPERIMENTAL RESULTS
Figure 2 a) shows the measured kinetic energy spectra
for electrons emitted from a sharp gold nanotip for vari-
ous incident intensities. The spectra are dominated by a
low-energy peak (LEP). For the lowest intensities a near-
exponential decay of the spectra is observed, while for
higher intensities a high-energy shoulder is formed. The
highest observed electron energies scale roughly linear
with intensity and are significantly higher than expected
from the input intensities, indicating the occurrence of
field enhancement at the nanotip. Figure 2 b) shows the
enlarged low-energy region, resolving the LEP positions
as well as smaller secondary peaks at lower energies (dis-
cussed later). With increasing intensity, the LEP value
ELEP shifts to higher values.
Fig. 2 c) shows the intensity-dependence of the LEP posi-
tion. With increasing intensity, the peaks shift to higher
energies. We find that for small intensities the LEP po-
sition is approximately linearly increasing with a slope of
roughly 15.5Up (solid line). Beyond intensities of around
3 · 1011W/cm2, the slope continuously decreases and the
LEP positions are not directly proportional to the pon-
deromotive potential anymore. In order to understand
this nonlinear behaviour, we will reexamine the electron
dynamics in inhomogeneous fields in the next section.
Note, the range over which data points can be obtained
is limited by countrate on one hand and laser-induced
damage of the nanotip on the other hand.
Experimentally, less than 0.4 electrons per shot are de-
tected at the highest intensities. Considering the detec-
tion efficiency of our setup, we can conclude that even at
the highest intensity not significantly more than one elec-
tron per shot is emitted, such that multi-electron inter-
action should not play a major role. Moreover, previous
work carried out on strong-field photoemission, showed
that space-charge effects lead to a shift towards lower en-
ergies [34, 35] and even suppression [15, 21] of the LEP,
which is in contrast to our observations.
THEORY
In order to investigate strong-field photoemission in
inhomogeneous fields, we use the Simple-Man’s-Model
(SMM)[30] adapted to inhomogeneous fields. Here, the
electron is treated as a classical particle traveling in
one dimension, influenced by a time-varying electric field
E(x, t) representing the near-field at position x and time
t. For simplicity, we assume an exponential decay of
the electric near-field with decay length lf : E(x, t) =
E0 · exp(−x/lf ) · f(t), where E0 is the electric field am-
plitude and f(t) is the normalized temporal shape of
the near-field. Introducing the dimensionless variables
x˜ = x/lf and t˜ = t/T0, where T0 is the oscillation pe-
riod of the electric field, we arrive at the dimensionless
FIG. 3: a) The final kinetic energy for different values of the
adiabaticity parameter for a cw laser in terms of the oscil-
lation period T0 and Up. Direct (rescattered) electrons are
indicated as solid (dashed) lines. The gray area shows the
emission probability according to Fowler-Nordheim tunneling
(work function 5.5 eV, intensity 3 · 1013W/cm2) on a linear
scale from 0 to 1. b) Electron spectra resulting from weight-
ing the final energies with the emission probability. Clear
low-energy peaks appear, whose position is given by the min-
ima in the left plot. c) The trajectory of a direct electron
illustrating the definition of the quiver amplitude lq and field
decay length lf . d) Low-energy region of the above spectra,
dots indicate LEP positions ELEP. c) ELEP normalized by the
ponderomotive potential against the inverse quiver amplitude
(∝ δ) together with the expectations from the analytic ex-
pression (shaded area) for a field decay length of 4.5±0.5nm
and a field enhancement factor of 5.5±0.5. c) Dependence of
the lowest final kinetic energy of electrons emitted during the
central cycle of a Gaussian pulse on the adiabaticity param-
eter for different pulse lengths for all CEPs (shaded areas)
together with Eshift,p/Up (dashed lines), the heuristic fit to
the cw curve (dotted line) and the analytic expression (solid
lines) as described in the text.
equation (see [36]):
dv˜
dt˜
= −
eT 20
mlf
E0 · f(t˜) · e
−x˜ = −
4pi
δ
f(t˜) · e−x˜ (1)
4This equation shows that in the case of inhomogeneous
fields, the dynamics is governed by the adiabaticity pa-
rameter δ, which indicates how much of the field inho-
mogenity the electrons experience during one oscillation
of the electromagnetic field. In order to describe the
electron motion, Eq. (1) is integrated numerically. The
electron propagation is started at the surface with zero
initial velocity. A reflection coefficient of unity for elec-
trons recolliding with the surface of the nanostructure
has been assumed.
We first study the effect of the field inhomogeneity on the
kinetic energy of the emitted electrons in continuous wave
(cw) laser fields [f(t˜) = −cos(2pi · t˜)]. Figure 3 a) shows
final electron energies depending on the emission phase
φ = 2pi · t˜ normalized to the ponderomotive potential Up
at the surface, for varying δ. For large δ, electrons do not
experience the inhomogeneity of the laser field on few-
cycle timescales. Electrons emitted before φ = 0 do not
rescatter and correspond to direct electrons (solid lines).
Electrons emitted between φ = 0 to 0.26 · pi rescatter
once and form a distinct peak and can gain higher ener-
gies. Consecutive peaks form with electrons undergoing
an increasing number of collisions (dashed lines). As the
electrons drift out of the near-field, on a cycle-integrated
timescale, they are accelerated by the gradient of the
ponderomotive potential and their final energies are thus
up-shifted by the ponderomotive potential Up[29].
For decreasing δ, electrons start to experience the field
inhomogeneity already during their sub-cycle propaga-
tion. They are driven so far from the surface within one
half-cycle that the field strength of the second half-cycle,
which drives them back to the surface, is decreased. The
reduction of δ leads to a decrease of the final energies
of direct and rescattered electrons as can be seen from
the maximum energy of direct and rescattered electrons
in Fig. 3 a). This is a consequence of changed electron
dynamics on sub-cycle timescales and has been studied
experimentally before[19]. Yet, another very important
feature, the reduction of the minimum energy (which de-
termines the LEP as shown in Fig. 3 b) has so far been
overseen. For decreasing δ drift and quiver motion can
not be separated anymore. This is illustrated in Fig. 3 c),
which shows the relation between quiver amplitude and
decay length for δ ≈ 1. Since the electrons start to ex-
perience the field decay already during their sub-cycle
quiver motion, the ponderomotive potential transfer is in-
creasingly non-adiabatic. As the effect is a consequence
of the drift motion, it depends also on the laser pulse
duration, which is most likely why it has not been recog-
nized yet.
Fig. 3 d) shows again the measured LEP values, now nor-
malized by the ponderomotive potential (∝ E20 ) against
the inverse quiver amplitude (∝ δ,∝ 1/E0) calculated
from the incident intensity. Expressing the shift in terms
of the natural length and energy scales allows better com-
parison with theory. Decreasing values of 1/lq,in first
leads to an increase up to a maximum of around 15.5Up,in
at 1/lq,in = 4, followed by a monotonic decrease.
We now consider the effect of the finite laser pulse du-
ration. Figure 3 c) shows the minimum electron energy
for varying δ for emission during the central half-cycle
of a Gaussian pulse with different pulse lengths TFWHM
and varying carrier-envelope phase (CEP ∈ [−pi, pi])) as
illustrated in the inset. For cw excitation (TFWHM =∞,
black line) the ponderomotive shift leading to the LEP
decreases monotonically from Up to 0 for decreasing δ.
For finite pulses and large values of δ the shift goes to
zero. This can be understood by considering that the
electrons do not fully leave the near-field before the field
is switched off. The reduction of the ponderomotive
potential difference is therefore more severe for shorter
pulses. It is possible to estimate the reduction of the
ponderomotive shift by solving an approximate equation
for the drift motion for an electron without initial veloc-
ity in a time-dependent potential:
Up(x, t) = Up0 · exp
(
−
2 x
lf
− 4 log(2)
t2
T 2FWHM
)
, (2)
where Up0 = e
2E20/(4mω
2) is the amplitude of the pon-
deromotive potential at the surface. The gradient of the
ponderomotive potential gives the force F = −∇Up(x, t),
which leads to the equation of motion dvdt = −e F . The
evaluation of the expression is complicated by the x(t)-
dependence. Assuming an electron initially at rest born
at t0 = 0 subject to a mean acceleration a¯ (in the spirit of
a Taylor-expansion of the equation of motion), we obtain
for the position of the electron x(t) = 0.5 · a¯ · (t − t0)
2.
Substituting this expression into the equation of motion
leads to the following result for the final velocity v¯f :
v¯f =
1
2
√
pi
a¯/lf + 4 log(2)/T 2FWHM
. (3)
Now using Up0 = l
2
q ·
mpi2
T 2
0
, we can express the energy shift
due to the time-dependent ponderomotive potential:
∆Ep
Up
=
1
2a¯·m·lf
pi·Up0
+ 8 log(2)
pi3
· δ−2 · ( T0
TFWHM
)2
. (4)
In order to lead to the right behaviour for TFWHM >> T0
and δ >> 1, the mean acceleration a¯ has to be chosen
such that the first term in the denominator equals unity.
Similiar considerations have been done for photoemis-
sion in gases e.g. in Ref. [37]. This function is shown as
dashed line in Fig. 3 c). As can be seen, the expression
describes quite well the decrease of the ponderomotive
shift for increasing δ.
For smaller values of δ and finite pulses the LEP asymp-
totically reaches the values of the shift in a cw-field,
which expresses the transition to the sub-cycle emission.
Heuristically, this shift can be well approximated by the
5analytic function:
Eshift,cw
Up
=
1
1 + a xb
(5)
with the dimensionless variables a=3.8 and b=-1.3
obtained from a fit to the numerical result (black dotted
line).
The ponderomotive shift of the low-energy peak can
be well approximated by multiplying Eq. 4 and Eq. 5
such that ELEP/Up = Eshift,p/Up · Eshift,cw/Up. This is
shown as solid lines in Fig. 3 c), which yields excellent
agreement with the values obtained from numerical
simulations for different CEPs (shaded areas). This
might be considered a consequence of the separability of
sub-cycle motion and the drift motion, yet it is surprising
that it works so well also in the intermediate regime. We
have thus obtained an approximate analytic expression
for the ponderomotive shift of the low-energy peak for
arbitrary pulse lengths and adiabaticity parameters.
Comparison of the experimental data in Fig. 3 d) with
the analytical expression assuming a decay length of
4.5±0.5nm and a field enhancement factor of 5.5±0.5
(shaded area) yields satisfactory agreement. The seem-
ingly linear dependence of the experimental LEP position
on intensity in Fig. 2 c) is due to the small changes of the
normalized LEP shift close to the maximum of the curve
in Fig. 3 d).The LEP shift could potentially be used to
determine decay lengths and field enhancements directly
from measurements. Since the Simple-Man’s-Model and
the strong-field approximation neglect effects such as
image charge and Coulomb interaction of photoemitted
electrons and as low-energy electrons are particularly
sensitive to such effects, we do, however, not expect
perfect agreement. In our experiments, the onset of
the interaction of photoemitted electrons might be
observable as a systematic reduction of the shift of the
low-energy peak for increasing intensity (decreasing
1/lq)[35]. We believe, that the non-adiabatic pondero-
motive shift can provide a sensitive tool to measure such
effects.
For few-cycle pulses (TFWHM/T0 ≦ 7.5) the ponderomo-
tive shift is only obtained for adiabaticity parameters
below 50. For shorter pulses the maximum energy shift
moves to lower δ and reaches smaller values. As can be
seen from the shaded areas in Fig. 3 b), for shorter pulses
also a significant CEP-dependence of the minimum
energy is obtained. We point out that few-cycle pulses
imply ponderomotive shifts can only be observed in the
non-adiabatic regime. The exponential near-field decay
has been chosen as we consider it to be the most generic
form to describe a decaying near-field from arbitrary
nanostructures and because it allows the analytical
derivation of Eq. 4. Nevertheless, we compared the
resulting ponderomotive shift for continuous wave exci-
tation to a field described by the component of a dipole
parallel to the polarization direction, which is regularly
used to model near-fields at the hemispherical apex of
nanotips[1, 38]. Here the radiating dipole is assumed to
be centered at a sphere of radius R, the electron propa-
gation is started at the pole of the sphere and the field at
the pole is normalized to E0. By identifying R = 2.5 · lf ,
which also yields good agreement of the two different
field forms, the relative difference of the resulting
low-energy peak position is less than 5% for adiabaticity
parameters >1. Furthermore, using this relation we can
estimate, from the above comparison of the analytic
expression with the experimental data, the nanotip
radius in the experiment to be around 10 nm. We point
out that since the ponderomotive shift is fundamental
in photoemission from nanostructures, it appeared,
unrecognized, in previous theoretical[19, 20, 38–40] and
experimental work (e.g.[38]).
NUMERICAL SIMULATION
In the simple model, we only considered the LEP aris-
ing from emission by a single half-cycle and propagation
in only one dimension. In order to investigate how the
LEP persists for emission from a realistic nanotip and
different half-cycles of a laser pulse we perform simula-
tions similar to [20, 39] with parameters fitting our ex-
periment. The near-field around the nanotips is modelled
using an analytic expression in the electrostatic approxi-
mation for a hyperbolic tip shape [41] with a field decay
length of roughly 4.5 nm and a field enhancement factor
of 6 consistent with numerical simulations of Maxwell’s
equations[42]. The electron emission probability is cal-
culated using a simple Fowler-Nordheim equation[39] as-
suming a work function of 5.5 eV. After their emission
electrons are propagated numerically in the near-fields
using a fourth order Runge-Kutta approach. For sim-
plicity a rescattering probability of unity for returning
electrons is assumed. This will lead to an overestima-
tion of rescattered electrons[17, 18], however, since the
low-energy region is dominated by direct electrons (see
Fig. 3 a)), this will not affect the low-energy peak. Spa-
tially, the emission sites considered in the simulation are
restricted to regions on the tip apex where the obtained
electron trajectories subtend angles approx. ≤ ±3.5◦
(TOF acceptance angle) with respect to the tip axis.
The results of such simulations for different intensities
are shown in Fig. 4 a). A prominent LEP is present and
with increasing intensity a shoulder forms, similar to our
experimental observations. An additional feature is given
by an increase at higher energies after the drop of the
shoulder, e.g. the increase beyond 32 eV at the second
highest intensity. This can be traced back to rescattered
electrons, whose contribution is overestimated as men-
tioned above. The behavior of the LEP can be seen in
Fig. 4 b). With increasing intensity, the peak height and
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FIG. 4: a) Simulated energy spectra of electron emission from
a gold nanotip with an assumed near-field decay length of
≈4.5 nm for indicated input intensities. b) Extended view
of the low-energy region, illustrating the shift of low-energy
peaks. c) Electric field E of the laser pulse (solid line) used
to simulate electron trajectories along with their half-cycle
emission probability (shaded areas). d)-f) Final kinetic en-
ergies attained by each electron emitted from the tip sur-
face at different half-cycles of the laser pulse (only shown for
I = 8.3 · 1011 W/cm2). The turning points (marked above
the dotted lines) contribute to the low-energy peaks in the
spectra and are indicated in b).
position increases as expected from the simple 1D-model,
indicating that even this model captured the main fea-
tures in the experiments. Secondary peaks at lower en-
ergies appear as observed in the experiment. In order to
resolve the origin of these secondary peaks, we compared
the electron emission along the tip axis from different
half-cycles of the laser pulse as shown in Fig. 4 c), in-
specting the relation between birth time and final energy
shown in Fig. 4 d)-f) for I= 8.3 · 1011W/cm
2
. Each half-
cycle yields a specific LEP and the distinct peaks there-
fore correspond to different emission times. The relative
peak heights agree well with experimental observations
and can be traced back to the different emission proba-
bilities as illustrated in Fig. 4 c). For low intensities, the
contribution of the first cycle is hidden in the main peak
as illustrated in Fig. 4 b). The LEP shift compared to
the cutoff is significantly higher and the change of the
height of the main low-energy peak with increasing in-
tensity is smaller than observed experimentally, and we
could not find suitable parameters where they agreed.
We attribute this mainly to shortcomings of our model
which neglects effects such as image charge interaction as
well as details of the emission process. Overcoming this
limitations would require approaches on the many-body
quantum level such as time-dependent density-functional
theory (TDDFT)[18], which is to our knowledge out of
reach for 3d-nanogeometries. The overall good agreement
between the simulations and experiments, nevertheless,
permits to clearly identify the non-adiabatic ponderomo-
tive shift as origin for the LEP shifts with intensity.
CONCLUSION AND OUTLOOK
In conclusion, we have shown an intensity-dependent
study revealing the up-shift of a low-energy peak in the
photoemission from a metallic nanotip. We identified the
adiabaticity parameter and the pulse length as the rele-
vant parameters and derived a simple analytic expression
for the ponderomotive shift. The results show that small
near-field decay lengths inhibit the separation of sub-
cycle quiver motion and cycle-integrated drift motion,
and the ponderomotive shift becomes non-adiabatic. Im-
portantly for few-cycle pulses, the ponderomotive shift
is only observable for small adiabaticity parameters and
therefore generally non-adiabatic. Simulations taking
into account a realistic emission geometry could assign
additional small peaks in the spectra to photoemission
from different half-cycles of the laser pulse. The findings
here about the non-adiabatic ponderomotive shift are an
important, previously not studied effect, completing the
understanding of the role of the inhomogeneous field in
strong-field photoemission from nanostructures. Since
the LEP shift relies on low-energy electrons, it could pos-
sibly be used as a sensitive tool to measure effects that
go beyond the Strong-Field-Approximation such as im-
age charge interaction and Coulomb interaction. The ef-
fect might also be used to control the energy of the most
dominant contribution in nanotip photoemission, which
could for instance be useful in generating energy-tuneable
electrons for inducing ultrafast molecular reactions.
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